BACKGROUND: Filanesib is a kinesin spindle protein inhibitor that has demonstrated encouraging activity in patients with recurrent/ refractory multiple myeloma. Preclinical synergy with bortezomib was the rationale for the current phase 1 study. METHODS: The current study was a multicenter study with an initial dose-escalation phase to determine the maximum tolerated dose of 2 schedules of filanesib plus bortezomib with and without dexamethasone, followed by a dose-expansion phase. RESULTS: With the addition of prophylactic filgastrim, the maximum planned dose was attained: 1.3 mg/m 2 /day of bortezomib plus 40 mg of dexamethasone on days 1, 8, and 15 of a 28-day cycle, with filanesib given intravenously either at a dose of 1.5 mg/m 2 /day (schedule 1: days 1, 2, 15, and 16) or 3 mg/m 2 /day (schedule 2: days 1 and 15). The most common adverse events (assessed for severity using version 4.0 of the National Cancer Institute Common Terminology Criteria for Adverse Events) were transient, noncumulative neutropenia and thrombocytopenia with grade 3/4 events reported in 44% (16% in cycle 1 with filgastrim) and 29% of patients, respectively. A low (11%) overall rate of nonhematological grade 3/4 toxicity was observed. With a median of 3 prior lines of therapy and 56% of patients with disease that was refractory to proteasome inhibitors, the overall response rate was 20% (55 patients), and was 29% in 14 patients with proteasome inhibitors-refractory disease receiving filanesib at a dose of 1.25 mg/m 2 (duration of response, 5.2 to 21.2 months). CONCLUSIONS:
INTRODUCTION
Despite improvements in the survival of patients with multiple myeloma (MM) over the last decade with the introduction of proteasome inhibitors (PIs) and immunomodulatory agents (IMiDs), patients eventually develop disease recurrence. 1, 2 An emerging treatment strategy to combat acquired drug resistance and induce durable responses is the incorporation of novel drugs with unique mechanisms of action. Kinesin spindle proteins (KSPs) are critical for normal mitosis. KSP inhibition results in the formation of a monopolar spindle, causing mitotic arrest and apoptosis, particularly in cells that exhibit rapid, sustained depletion of Mcl-1 (myeloid cell leukemia 1), an antiapoptotic member of the Bcl-2 family. 3 Because MM cells are Mcl-1-dependent, KSP inhibition represents a novel therapeutic approach in patients with MM. 4, 5 Filanesib (ARRY-520) is a highly selective, first-in-class targeted KSP inhibitor. Due to its novel mechanism of action, filanesib is expected to overcome PI and/or IMiD resistance. In addition, no additive peripheral neuropathy is expected, due to the absence of KSP expression in neurons. Single-agent filanesib already has demonstrated efficacy and safety in patients with recurrent/refractory MM (RRMM) (unpublished data).
In preclinical models, the combination of bortezomib and filanesib has demonstrated additive apoptosis, and filanesib appears to have significant antitumor activity in bortezomib-resistant MM cell lines. 6 Furthermore, MM cells in mitotic arrest also are rendered more sensitive to dexamethasone; therefore, the addition of dexamethasone is hypothesized to enhance filanesib activity. 3, 7 Bortezomib in combination with dexamethasone was the first PI approved for the treatment of RRMM. 8 Therefore, the current phase 1 study was designed to establish the maximum tolerated dose (MTD) of filanesib in combination with bortezomib and dexamethasone in patients with RRMM.
MATERIALS AND METHODS
The current study was a phase 1 multicenter study with an initial dose-escalation phase to determine the MTD of 2 schedules of filanesib plus bortezomib with and without dexamethasone, followed by a dose-expansion phase. Additional objectives in the dose-escalation phase were to obtain preliminary estimates of efficacy and possible biomarkers to predict response. Because data analyses currently are ongoing in the expansion cohorts, the current study focused on the completed dose-escalation phase.
Patients
Patients aged 18 years with measurable RRMM or plasma cell leukemia were eligible for participation in the current study. Patients had received 2 prior regimens including a PI (eg, bortezomib, carfilzomib) and an IMiD (eg, thalidomide, lenalidomide), with disease progression (PD) during or after the last prior regimen. Patients with PI-refractory disease were eligible. Patients had an Eastern Cooperative Oncology Group performance status of 0 or 1, adequate liver function, serum creatinine 2.5 mg/dL or calculated creatinine clearance 50 mL/minute, a neutrophil count 1.5 3 10 9 /L, and a platelet count 75 3 10 9 /L (or 50 3 10 9 /L if bone marrow contained 50% plasma cells) without transfusion or growth factor support for 2 weeks before screening. Key exclusion criteria included primary amyloidosis and any stem cell transplantation performed within 3 months before initiating the study drug.
The current study was conducted in accordance with International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use Good Clinical Practice guidelines and all applicable regulatory requirements. The study was approved by the Institutional Review Boards of all participating centers, and patients provided written informed consent. This study was registered at www.ClinicalTrials.gov with identifier NCT01248923.
Treatment Schedules
Dose escalations were conducted using 2 filanesib treatment schedules within 28-day cycles (Fig. 1) .
Schedule 1 first determined the MTD of filanesib administered on days 1, 2, 15, and 16 in combination with bortezomib on days 1, 8, and 15, followed by a second dose escalation starting at 1 dose level below the established MTD of the combination with the addition of dexamethasone on the same dosing days as bortezomib. Filanesib was administered at escalating doses starting at 0.5 mg/m 2 /day as a 1-hour intravenous (iv) infusion and bortezomib was administered at a dose of 1.0 or 1.3 mg/ m 2 /day according to the assigned dose level. Bortezomib administration was initially iv, but the protocol was amended to allow for subcutaneous (SC) dosing in accordance with current clinical practice. 9 Dexamethasone was administered orally at a standard dose of 40 mg/day (20 mg/day for patients aged 75 years).
Schedule 2 determined the MTD of filanesib administered on days 1 and 15 plus bortezomib and dexamethasone on days 1, 8, and 15. A weekly bortezomib schedule was used primarily so that all drugs would be given on both day 1 and day 15, thereby allowing for optimal in vivo synergy.
Due to the exacerbated neutropenia observed in the first 2 dosing cohorts, the protocol was amended to add prophylactic filgastrim. Patients received or selfadministered concurrent filgastrim as a daily SC injection for a total of 5 to 7 days after each filanesib dosing. Varicella zoster virus prophylaxis was prescribed as per standard of care, and gram-negative antibiotic prophylaxis was prescribed if patients were neutropenic.
Patients received study drug(s) in continuous cycles until unacceptable toxicity or PD occurred.
Determination of the MTD
A standard 313 design was used to determine the MTD, defined as the dose below that which resulted in doselimiting toxicities (DLTs) in 33% of patients. A DLT Original Article was defined as an adverse event (AE) in cycle 1 that was considered related to the study drug(s) and met any of the following criteria: grade 4 neutropenia of >7 days; febrile neutropenia; grade 4 thrombocytopenia of >7 days and not responding to platelet transfusions; any thrombocytopenia associated with grade 3 bleeding attributed to the study drug(s); any grade 3 or 4 nonhematologic AE except nausea, vomiting, or diarrhea in the absence of prophylaxis; or any treatment-related AE delaying the day 15 dose or initiation of cycle 2 by 2 weeks.
The first patient in every cohort was followed for 8 days before subsequent patients were enrolled. Data from the first 28-day cycle for all patients in a cohort were reviewed for safety to inform subsequent dose-escalation decisions. Patients not completing cycle 1 for reasons other than toxicity were considered unevaluable for assessment of DLTs and were replaced.
At the investigator's discretion, patients experiencing a DLT were permitted to be treated at a lower dose level, and patients at lower dose levels were permitted to escalate to higher tolerated doses, including the addition of dexamethasone once it was deemed tolerated.
Assessments
Safety was assessed by AEs, DLTs, laboratory tests, and electrocardiograms. AEs were assessed for severity using the National Cancer Institute Common Terminology Criteria for Adverse Events (version 4.0) 10 and coded using the Medical Dictionary for Regulatory Activities (version 13.0).
Investigators used the International Myeloma Working Group response criteria to determine the overall response rate (ORR) in patients who were evaluable for response. 11 Other preliminary efficacy analyses included duration of response (DOR), defined as the time from first disease assessment of partial response (PR) or better to the date of first PD, death, or disease recurrence; and the time on study (ToS), defined as the time from the first dose of the study drugs to the date of study termination. Post hoc analyses included the rates of minimal response (MR), the clinical benefit rate (CBR) (ie, responses of MR), and the disease control rate (DCR) (ie, responses of stable disease of 8 weeks in duration).
Statistical Analysis
Approximately 30 and 15 evaluable patients, respectively, were anticipated to be enrolled on schedules 1 and 2. Safety data were summarized using descriptive statistics. Patients who received at least 1 dose of filanesib were evaluable for safety. Patients were evaluable for response if they received at least 1 dose of filanesib and had a postbaseline disease assessment or were discontinued from the study due to PD, intolerable toxicity, or death before the first assessment. Time-to-event analyses were estimated using the Kaplan-Meier method. No formal comparisons were planned or performed.
RESULTS

Patient Population
A total of 55 patients with MM were enrolled between December 2010 and October 2013 at 6 centers in the United States and all patients were evaluable for safety and efficacy. At the time of data cutoff (April 30, 2015), 3 patients were continuing to receive study treatment.
Demographics are described in detail in Table 1 . The median age of the patients was 63 years (range, 31-79 years) and patients were heavily pretreated, with a median of 3 prior lines (range, 1-9 prior lines) of therapy, including 89% with a prior stem cell transplantation. Nearly all patients had received prior bortezomib (95%) and lenalidomide (98%), with 51% and 75%, respectively, having disease that was refractory to each agent, and 35% having disease that was refractory to both agents. In addition, 16% received prior carfilzomib, all of whom had disease that was refractory to the agent. In total, 56% of patients had disease that was refractory to a PI (bortezomib and/or carfilzomib). Finally, 13% of patients had disease that was refractory to pomalidomide. A total of 42% of patients had disease that was refractory to a PI and an IMiD. Twelve patients (22%) had high-risk molecular findings.
Determination of MTD and Recommended Phase 2 Dose
The schedule of events is outlined in Figure 2 . On schedule 1, patients initially received a dose of 1.0 mg/m 2 of filanesib (without prophylactic filgastrim) plus 1.3 mg/ m 2 of bortezomib and 40 mg of dexamethasone. Two DLTs occurred at this dose level (pneumonia and pseudomonal sepsis in 3 evaluable patients), and therefore the doses of bortezomib and filanesib were reduced and dexamethasone omitted until an MTD of bortezomib plus filanesib could be determined. Because these toxicities were unexpected based on experience with the singleagent filanesib or bortezomib doses (even in combination with dexamethasone), the rationale for these modifications was to maximally protect the safety of the patients.
The next dose level investigated 0.5 mg/m 2 of filanesib plus 1.0 mg/m 2 of bortezomib (3 evaluable patients). Although no DLTs were observed, neutropenia still was exacerbated; therefore, prophylactic filgastrim was added in a subsequent cohort testing, starting at the same dose level. The bortezomib dose was progressively escalated to 1.3 mg/m 2 and filanesib to 1.5 mg/m 2 , which were the maximum planned levels because these were the recommended single-agent doses, respectively, of each agent. 8, 12 Dexamethasone was added back into the regimen and no DLTs were observed through the final dose level, which included the recommended single-agent doses of all 3 agents and was determined to be the MTD of schedule 1.
Dose escalation on schedule 2 was initiated with a filanesib dose of 2.25 mg/m 2 that was escalated to 3.0 mg/ m 2 (both with filgastrim), neither of which elicited DLTs. Because the dose intensity of this regimen was equivalent to the recommended single-agent doses for each study drug, no further dose escalation was explored and this dose level was declared the MTD of schedule 2.
Three of 55 evaluable patients (5%) experienced DLTs (Fig. 2) . The onset of all DLTs occurred within the first 3 weeks of treatment initiation and lasted for 2 to 7 days.
Treatment Exposure and Safety
Patients received a median of 4 cycles of filanesib (range, 1 to 41 cycles), with a median of 3. The majority of patients (98%) reported at least 1 nonhematologic AE on study, the most common of which were diarrhea (47%), upper respiratory tract infection (42%), cough (27%), and fatigue and pyrexia (25% each). Grade 3/4 nonhematologic AEs (Table 2) were reported for 67% of patients (all but 6 patients reported grade 3/4 events that were assessed as related to study treatment). Pneumonia and elevated pancreatic enzymes were the most common nonhematologic grade 3 events, although their incidence was low (7% and 11%, respectively). Two of the 4 events of pneumonia met DLT criteria.
Approximately 45% of patients experienced grade 3/4 neutropenia and 29% experienced grade 3/4 thrombocytopenia (Table 3 ). The incidence of neutropenia was highest (67%) in the 2 dose cohorts that did not include filgastrim prophylaxis. Of 55 patients treated, 49 were in cohorts in which filgastrim was mandated, and in these cohorts grade 3/4 neutropenia occurred in only 8 patients Original Article (16%) during cycle 1. Of these 49 patients, 29 and 20 patients, respectively, initiated with 5 and 7 days of prophylactic filgastrim. The number of days of filgastrim remained the same throughout the study in 25 patients (51%), whereas 18 patients (37%) were able to decrease the number of days, 4 (8%) could have their number of days temporarily be decreased, and only 2 patients (4%) required an increase in the number of days. The majority of cases of cytopenia were reversible and did not appear to be cumulative. By the time of the next scheduled weekly visit, the vast majority of patients had recovered to a neutrophil count of 1.5 3 10 9 . Throughout the study, approximately one-half of the patients had some delay in dosing during study treatment; in 36% of patients, this was due to an AE for both filanesib and bortezomib. Only 25% and 35% of patients, respectively, needed a dose reduction for filanesib or bortezomib, related to an AE in 24% and 33%, respectively, for filanesib and bortezomib (Table 4) . Dose reductions did not correlate with dose or schedule. Only 5 patients discontinued protocol treatment due to AEs (bronchitis in 1 patient, neutropenia and cytopenia in 1 patient, thrombocytopenia in 1 patient, diarrhea in 1 patient, and blurred vision in 1 patient). The majority of AEs resulting in dose reductions or discontinuation resolved after dose modification. All patients had a baseline serum creatinine 2.5 mg/dL, and 14 patients (25%) had a creatinine clearance of <60 mL/minute with no increase in toxicity.
There also was no difference in toxicity noted among patients receiving iv versus SC bortezomib. Deaths attributable to AEs on study or within 30 days of the last filanesib dose occurred in 2 patients (4%), both of whom were treated under schedule 1 without filgastrim prophylaxis. The cause of death was pneumococcal meningitis, assessed as not related to study treatment, for a patient treated with 0.5 mg/m 2 of filanesib plus 1.0 mg/m 2 of bortezomib. The second patient was treated with 1.0 mg/m 2 of filanesib plus 1.3 mg/m 2 of bortezomib plus 40 mg of dexamethasone and died on study day 13 from pseudomonal sepsis (a DLT), which was assessed as being related to filanesib.
Peripheral neuropathy was only reported for 5 patients (9%), occurring at varying doses of filanesib, but all occurring at 1.3 mg/m 2 of bortezomib, with 3 of the 5 patients receiving bortezomib iv and 2 with baseline grade 1 peripheral neuropathy. Abbreviations: BTZ, bortezomib; FIL, filanesib. a In patients from cohorts in which prophylactic filgastrim was mandated (49 patients), the incidence of leukopenia grade 3 was 31% and that of neutropenia was 41%. The incidence of both leukopenia and neutropenia in the 6 patients treated in the 2 cohorts without mandatory filgastrim was 67% for each (all of which were grade 4). 
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Efficacy
Including patients at all dose levels in the current phase 1 study, the ORR was 20%, the CBR was 33%, and the DCR was 65% (Table 5 ). In the 12 patients with highrisk cytogenetics at baseline, the ORR was 25% and the DCR was 58%. Ten of the 11 responses (including 4 without any concomitant dexamethasone) were observed among the 29 patients treated with 1.25 mg/m 2 of filanesib (on either schedule) and 1.3 mg/m 2 of weekly bortezomib (ORR, 31%). Within this subset of therapeutic dosing of filanesib, an ORR of 40% and a DCR of 87% were observed among the 15 patients whose disease was previously sensitive to PIs. The median DOR was 17.2 months. It is interesting to note that within the same dosing subset, in the 14 patients with disease previously refractory to PIs, there were responses noted in 4 of 14 patients (29%): 2 with a very good PR and 1 PR in schedule 1 and another PR in schedule 2, and a DCR of 64% was observed. The doses of filanesib/bortezomib/dexamethasone for the responders were 1. The median ToS for the 14 patients with PIrefractory disease was 4.7 months (schedule 1) and 8.0 months (schedule 2). Among the 7 patients who were dual refractory to pomalidomide and a PI, 1 patient (14%) achieved a PR (DOR of 5.2 months; ToS, 7.4 months) and another patient achieved MR, for a CBR of 29%. The median ToS in this subset was 5.6 months. Among the 11 patients with disease that was refractory to a PI and IMiD, the ORR was 27% and the CBR was 36%. The median DOR in the 5 patients with PIrefractory disease (3 of whom did not receive dexamethasone) was 10.1 months.
Patients who responded to treatment generally attained a response within the first cycle of treatment. The median time to first response was 1.0 months (range, 0.7-33.9 months) ( Table 6 ). Responses were durable, with a median of 14.1 months (range, 3.8 to 24.6 months). Seven of 11 responders (64%) maintained a response for >6 months and 5 of 11 responders remained in response at the time of data cutoff.
It has been shown that lower levels of alpha 1-acid glycoprotein (AAG), an acute-phase reactant binding filanesib in the serum, may be a useful biomarker with which to predict response to filanesib, perhaps due to greater levels of unbound fraction of filanesib and therefore higher therapeutic exposure to the drug. 13 Therefore, its role was explored further in the current study. As shown in Figure 3 and Table 7 , using an AAG cutoff of 110 mg/dL, there did appear to be a trend toward patients with lower AAG levels remaining on study longer than those with higher AAG levels, including patients with PI-refractory disease.
DISCUSSION
Filanesib is a first-in-class KSP inhibitor with a novel mechanism of action that has demonstrated preclinical synergy with both bortezomib and dexamethasone. The current phase 1 study established a dosing schedule for the combination of these agents that demonstrated a favorable safety profile with a low incidence of nonhematologic toxicity and peripheral neuropathy. Similar to the antimyeloma effect of filanesib, neutropenia may be a pharmacodynamic effect of the drug because both neutrophils and MM cells are Mcl-1-dependent.
14 However, after filgastrim was incorporated, hematologic toxicities were rapidly reversible and noncumulative (neutropenia, which was largely of brief duration and without associated infections, and thrombocytopenia), and very few dose reductions were required.
Encouraging activity was observed in this heavily pretreated population, with a median of 3 lines of prior therapy, including an impressive median DOR of 14.1 months. Furthermore, in patients with PI-refractory disease, the median ToS of 4.7 months and 8 months, respectively, in schedules 1 and 2; an ORR of 29%; and a median DOR of 10.1 months compare quite favorably with recently approved agents in patients with RRMM such as carfilzomib, pomalidomide, and daratumumab. The current study also represents the third clinical trial demonstrating the possible use of AAG as a biomarker with which to enrich a population of patients with myeloma for possible response to filanesib.
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